A new aluminium complex bearing a dianionic phenylenediamine based ligand has been synthesized and shown to catalyze the intramolecular hydroamination of various aminoalkenes.
efficient synthetic pathway towards formation of amines, enamines, and imines.
1 Formation of N-heterocycles, via the intramolecular hydroamination of aminoalkenes, is of particular interest due to the importance of N-containing cyclic compounds in biologically relevant systems. Although the overall reaction is 15 thermodynamically favorable, the electrostatic repulsion between the electron-rich olefin and the amine nucleophile provides kinetic stability to the aminoalkenes, rendering uncatalyzed reactions exceedingly slow. The necessity of finding efficient catalysts for this transformation has spawned extensive research 20 efforts resulting in the discovery of catalysts including early 2 and late 3 transition metals as well as lanthanide/actinide complexes. 4 Recently, main group catalysts have received increased attention. 5 Although group 13 metals such as aluminum are exceedingly inexpensive and show similarities (e.g. 25 electronegativity, atomic radii) to early transition metals such as Zr, catalytically active systems involving these metals have remarkably little precedent. 6 Our goal was to establish the viability of well-defined organometallic Al complexes as active catalysts towards the hydroamination of aminoalkenes. 30 Phenylene-diamine (pda) ligands have been used extensively in organometallic coordination chemistry and after exploring a number of other ligands, these were ultimately chosen as a support for the Al metal center. 7 The dianionic binding motif offers extensive kinetic stability towards protonolysis of the M-N 35 bonds, which has been proposed as a problem in other catalytic systems involving primary amines as substrates.
Compound 1 was prepared in moderate yield by treating the To corroborate the monomeric nature of 1, single-crystal X-ray diffraction studies were conducted which revealed the Al metal center in a distorted tetrahedral configuration as shown in Figure  1 . The Al1A-N1A and Al1A-N2A bond distances of 1.849(3) and 1.830(3) Å, respectively, are similar to those in the only other 70 example of a pda-ligand coordinated to Al. 8 The observed large bite angle of 88.7° corresponds well with short Al-N bond distances in analogous transition metal complexes involving pdaligands.
7b, 9 As expected, the Al1A-N3A bond (1.774(3) Å) of the amide functionality is significantly shorter than the Al1A-N4A 75 bond (1.965(3) Å) of the coordinated amine, indicating considerable multiple bond character between the metal center and N3A.
Upon heating a solution of 2,2-diphenylpent-4-ene-1-amine in the presence of 1 (10 mol%), catalytic formation of the 80 hydroamination product 2-methyl-4,4-diphenylpyrrolidine was observed. Although catalytic activity was evident at 135 °C (in C 6 D 6 ), heating the solution at 150 °C resulted in more reasonable reaction times (Table 1 , entry 1). Control experiments revealed that the reaction rates were not influenced by the presence of one 85 or two catalytic equivalents of a sterically hindered noncoordinating base such as 1,2,2,6,6-pentamethylpiperidine, thus ruling out the possibility of acid catalysis. 10 Additionally, reactions carried out in the absence of 1 did not yield the hydroamination products even after extended reaction times (>5 90 days at 150 °C). Decreasing the steric bulk at the geminal position resulted in slower conversion of the aminoalkene to the corresponding hydroamination product as has been observed with other catalytic systems (Thorpe-Ingold effect).
5b
In the case of (1-allylcyclohexyl)-methanamine (Table 1 , entry 3), extended 10 reaction times were necessary to achieve moderate yields of the hydroamination product. Similarly, formation of larger heterocycles such as 2,5,5-trimethylpiperidine required much longer reaction times to achieve reasonable conversion (Table 1, Methyl-substitution at the internal position of the olefin moiety had a significant positive impact on the reaction rate, resulting in near quantitative conversion of 4-methyl-2,2-diphenylpent-4-en-1-amine to 2,2-dimethyl-4,4-diphenylpyrrolidine in 12 h (Table 1,   20 entry 2). Preliminary kinetic experiments revealed the rate of hydroamination of the methyl substituted substrate (k obs =5.0 (±0.3)x10 -6 molL -1 s -1 ) to be significantly faster than that of its unsubstituted counterpart (k obs =1.5(±0.1)x10 -6 molL -1 s -1 ). A similar effect has been observed in lanthanide catalysis and was 25 attributed to stabilization of the transition state (upon alkylsubstitution) during the rate determining olefin insertion into the M-N bond (Structure II, Figure 2 ). To obtain some more insight into the reaction mechanism, a stoichiometric reaction of 1 with 2,2-diphenylpent-4-ene-1-amine 50 on an NMR scale (in C 6 D 6 ) was conducted to determine whether the resting state of the catalyst could be observed. The aminoalkene was consumed in less than 5 minutes at room temperature (determined by Figures 2 and S2 ).
In conclusion, we have demonstrated the viability of an Alcomplex supported by a pda-ligand as a catalyst for the intra- 
Notes and references
The synthesis was carried out under nitrogen using standard Schlenk and vacuum line techniques. was used to partially remove solvent contribution from the overall intensity data. 14 Complete crystal composition: 1*0.5Et 2 O. CCDC reference number 765662. Refinement parameters including discussion of disorder can be found in the ESI file. 
